Structure and interaction parameters of micelles in solutions of dodecylbenzene sulfonic acid (DBSA) in deuterated water are studied by small-angle neutron scattering. The dependences of micellar aggregation number, fractional charge, charge per micelle and surface potential on surfactant concentration are analyzed. A typical increase in the micelle size with the growth in the acid content is found, which can be related to the transition from spherical to rod-like micelles. The obtained data are used for estimating surfactant micelle concentration in water-based ferrofluids stabilized with DBSA.
2 technical water-based ferrofluids [7] [8] [9] [10] [11] , aqueous dispersions of magnetic (mostly magnetite) nanoparticles. The second surfactant layer at the surface of magnetite in such ferrofluids is formed due to physical adsorption in excess of the acid. So, the micelle formation in these systems is an important factor, which regulates the content of free surfactant molecules in bulk solutions.
Despite the practical use of DBSA, the formation, structure and interaction of its micelles in aqueous solutions are poorly studied. The given work fills the deficiency of information on this question. Small-angle neutron scattering (SANS) is used to find out parameters of the structure and interaction of the DBSA micelles in deuterated water (d-water) as a function of the surfactant concentration in solution. Deuterated water is used to achieve a sufficient scattering contrast between the surfactant and liquid carrier and also for reduction of incoherent scattering background from hydrogen. The structure parameters of the micelles are compared with those obtained [10] for DBSA micelles formed in the above-mentioned water-based ferrofluids. The surfactant content in the bulk of ferrofluids is found.
2.Experimental
First, the critical micelle concentration (cmc) of DBSA in water was determined from the surface tension measurements performed with a Krüss Processor Tensiometer K100 using the ring method. Pure DBSA (c.p., Merck) was dissolved in bidistilled water (Millipore) with several volume fractions within the range of 0.001-0.8%. Surface tension was determined at 25 C by recording ten data points per one concentration within a measuring interval of 300 s. . SANS measurements were performed at 25 C. The calibration on 1-mm water sample was made after the background, buffer (D 2 O) and empty cuvette corrections in a standard way [12] . Pure DBSA was dissolved in d-water (99.9%, Sigma-Aldrich) within a wide interval of 2-17% in volume fraction.
3.Results and discussion
The experimental values of surface tension σ(φ) against the logarithm of the concentration (φ, vol. fraction) are plotted in Fig.1 . This dependence has a typical shape for micelle formation solutions described well by the expression: The excess surface concentration Г can be calculated as [13] :
where R is the gas constant, T is the temperature. For DBSA as an ionic surfactant the counterions are taken into account by setting k = 2 [13] . From the excess surface concentration (Г) the minimum area per molecule at the air/water interface (S * ) can be found [14] :
where N A is the Avogadro's number. Calculations in accordance with (2), (3) Assuming that micelles are monodisperse spheres one can write the scattered intensity in the standard form as:
4 where n is number particle density; Δ =  - s is the contrast, the difference between the scattering length densities of the particle, , and solvent,  s ; V is the micelle volume; F 2 (q) is the squared form-factor of a single particle (defined in a way that F 2 (0) = 1); and S(q) is the structure-factor describing the interaction between micelles. For non-spherical micelles the well-known decoupling approximation [15, 16] , which assumes that there is no correlation between position and size/orientation of particles can be used, where
Here,
 is a q-dependent anisotropy factor with <…> denoting the averaging over all possible micelle orientations. To model S(q), we apply the rescaled mean spherical approximation for dilute charged colloidal dispersions developed by Hansen and Hayter [17] . Since the studied micelles consist of ionic surfactant molecules, the screened Coulomb potential is used in the model:
where 0
F/m is the vacuum permittivity; ε = 78.5 is the dielectric constant of the solvent medium (water) for 25 C; D is the particle diameter; 0 [19] .
A more detailed analysis of the change in the micelle parameters with the DBSA concentration in solution is given in Fig.3 . Thus, one can see (Fig.3a) that the corresponding 5 dependence for the aggregation number has two slopes. We associate this observation with the mentioned transition from spherical to rod micelles. For higher surfactant concentrations it is
. This law is usual for micellar systems [20, 21] . Again, the expected typical decrease in the charge per micelle and degree of micelle ionization, as well as in the calculated surface potential when increasing the surfactant concentration is observed (Fig.3b,c, For the highest concentration (>0.17 of volume fraction) we observed a significant drop in such a parameter of micelles as the degree of dissociation (charge and surface potential). It can be a real effect as well as a limitation of the decoupling approximation (Eq. 5), there we assume that the position and orientation of micelles are independent. To check this assumption, the structure parameters of micelles (Table 1) are used for estimating the overlapping concentration of DBSA/water solutions (φ * ) (effectively micelles with surfactant length l occupy all the space):
where V sphere_mean =4/3πl Thus, the surfactant solutions with higher concentrations cannot be considered in the same way as above with respect to the intermicelle potential, i.e. the decoupling approximation is not valid any more.
Using the obtained SANS curves we can estimate the micelle concentration in the magnetic fluid with magnetite coated by double layer of DBSA formed in excess of free surfactant in the solution [10] . For this purpose we compare these curves with the shape scattering function, I c (q), which is one of the modified basic functions, introduced and applied recently to the analysis of the contrast variation from ferrofluids of various types [10, [22] [23] [24] [25] [26] [27] [28] . In accordance with [22] I c (q) is the Stuhrmann shape basic function [29] averaged over all particle shapes in the solution. The I c (q) function obtained from the experimental scattering curves at various contrasts [10] for the discussed ferrofluid (volume fraction of magnetite 1.3% against 2.2% of DBSA) is given in Fig.4 , where three scattering levels can be distinguished. The first level (q < 0.2nm ) can be associated 6 with the micelles of DBSA (size ~5 nm). It is fitted well by the Guinier approximation (Fig.4) . It is comparable with that for the micelles in pure heavy water obtained in the given work. As the first approximation, where the micelle interaction is neglected, the parameter I mic (0) can be used for estimating the volume fraction, φ mic , of the surfactant in micelles formed in the ferrofluid as follows:
where n mic and V mic are the concentration and volume of the micelles, respectively. The contrast factor is excluded from (8) in accordance with the definition of the shape basic function [29, 22] .
From (8) 
4.Conclusion
To summarize, the micelle formation of DBSA in d-water is detected in SANS experiments. 
